Introduction {#s0005}
============

Family structures in Western societies have changed markedly over recent decades, with fewer marriages, higher divorce rates, and more children being brought up in single, step, and cohabiting families.[@bib1], [@bib2], [@bib3] By the mid-1990s, it was estimated that more than a third of children in the U.S. had experienced at least one family structure change on reaching adolescence.[@bib4] A stable home environment has long been recognized as being conducive to healthy child development. Children exposed to parental separation have been reported to show poorer well-being and mental health during childhood and adulthood, compared with those with parents who never separated or divorced.[@bib5], [@bib6], [@bib7] Exposure to parental separation has also been linked with elevated risk for delinquency and violence,[@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14] but despite there being a notable body of research on this topic, large gaps in understanding remain. For example, limited and conflicting evidence exists regarding how associations vary by separation from mother only, father only, or from both parents,[@bib8], [@bib15], [@bib16] by offspring gender,[@bib9], [@bib17], [@bib18] and timing of child--parent separation,[@bib9], [@bib15], [@bib19] especially in relation to subsequent violent criminality risk. In addition, although a substantial minority of children experience multiple family structure changes,[@bib4] parental separation has commonly been investigated as a static exposure.[@bib8], [@bib13], [@bib14] Few studies have explored family structure dynamics and offspring's later risk for antisocial behaviors, and those that have investigated these phenomena have usually been somewhat limited in their follow-up measurements (e.g., parental separation status measured at two timepoints only[@bib11], [@bib12]).

Using comprehensive and accurate national registration of residential address information for every Danish resident, and complete child--parent linkage and several other inter-register linkages, a large epidemiologic study investigating the associations between child--parent separation and violent criminality risk from the 15th birthday through to mid-adulthood is described. Variations in relationships are explored across an array of child--parent separation scenarios and trajectories from birth to age 15 years, and by gender of the parents and of the offspring, by age at first separation, and by number of separations experienced.

Methods {#s0010}
=======

Study Population {#s0015}
----------------

The study cohort was delineated using data from the Danish Civil Registration System (CRS). Date and place of birth, gender, parental identities, and continuously updated information including residential addresses and vital status, have been recorded in the CRS since 1968 for all Danish residents.[@bib20] Using the unique personal identification number assigned to every resident, accurate linkage across all national registers is possible. The cohort consisted of all individuals born in Denmark during 1971--1997 who were residing in the country on their 15th birthdays, with the identities of both parents known who were also Danish-born and were alive on cohort members' 15th birthdays. Individuals who experienced parental death before their 15th birthday, and those whose mothers' or fathers' identifies were unknown, were excluded. Individuals who had missing information on child--parent separation status in any one year up to their 15th birthday (0.44% of the study population), and those who were separated from both parents at birth but were subsequently registered as living with at least one parent (1.0%), were also excluded. The final study cohort consisted of 1,346,772 people.

The study was approved by the Danish Data Protection Agency, and data access was agreed by the State Serum Institute and Statistics Denmark. Because this project was based exclusively on registry data, according to the Danish Act on Processing of Personal Data, Section 10, informed consent from cohort members was not required.

Measures {#s0020}
--------

Residential addresses were used to determine whether cohort members were living with their parents. This information has been recorded in the CRS since 1971, and Danish residents are required by law to inform the authorities of any changes to their permanent address. Child--parent separation status was classified as: no separation (i.e., living with both parents); paternal separation (living with mother but not father); maternal separation (living with father but not mother); paternal and maternal separation (not living with either parent). This classification was made in relation to day of birth and each birthday from the individual's first to 15th.

Information on convictions for the following violent crimes were extracted from the National Crime Register[@bib21]: homicide, assault, robbery, aggravated burglary or arson, possessing a weapon in a public place, violent threats, extortion, human trafficking, abduction and kidnapping, rioting and other public order offenses, terrorism, and sexual offenses. The first violent offense conviction after cohort members' 15th birthdays---the age when criminal responsibility commences in Denmark---was examined.

Parental SES was assessed in the year of cohort members' 15th birthdays, comprising six measures: maternal and paternal income (quintiles); highest levels of maternal and paternal educational attainment (primary school, high school/vocational training, higher education); and maternal and paternal employment status (employed, unemployed, outside workforce for other reasons). This information was obtained from the Integrated Database for Labour Market Research.[@bib22]

Statistical Analysis {#s0025}
--------------------

Cohort members were followed up from their 15th birthdays until date of first conviction for a violent offense, death, emigration from Denmark, or December 31, 2012, whichever came first, for a total of 16.3 million person-years. Because cohort members were born between 1971 and 1997, their follow-up began on different dates and duration of follow-up also varied. The amount of person-time at risk that each cohort member could possibly contribute ranged from 1 day to a day short of 27 years. Incidence rate ratios (IRRs) for violent offending were estimated by log-linear Poisson regression, fitted using the SAS, version 9.4 GENMOD procedure, with the logarithms of person-years as offset variables. This is equivalent to the Cox proportional hazards model, assuming piecewise constant incidence rates.[@bib23], [@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib29], [@bib30] Models were adjusted for age, gender, calendar year, interactions between these variables, and the six measures of parental SES. Age and calendar year were treated as time-dependent variable; gender and parental SES were time-fixed variables. Likelihood ratio--based 95% CIs were calculated for each IRR point estimate, and likelihood ratio interaction tests were used to assess effect modification by offspring gender. Cumulative incidence, which measures the risk (probability) to have committed a violent crime before the 40th birthday, was calculated using competing risk survival analysis, taking into account emigration or death.[@bib24] Analyses were conducted during 2016--2017.

Results {#s0030}
=======

A total of 37,415 individuals (2.8% of the study cohort) were convicted of a first violent offense during the observation period, with 33,671 (90.0%) of offenders being male ([Appendix Table 1](#s0055){ref-type="sec"}, available online). [Table 1](#t0005){ref-type="table"} shows the IRRs for violent offending associated with child--parent separation status at birth and at 15th birthday, adjusted for age, gender, calendar year, and parental SES. More than 93% of the study population lived with both parents at time of birth, falling to 71% at age 15 years. Being separated from a parent at age 15 years was linked with a greater elevation in violent offending risk than that associated with separation at birth. Elevated risk linked with paternal separation at birth was higher than for maternal separation at this time, but there was little risk differential by paternal versus maternal separation at age 15 years. IRRs not adjusted for parental SES are presented in [Appendix Table 2](#s0055){ref-type="sec"} (available online), with roughly a quarter to a half of elevated risks explained by parental SES. Cumulative incidence (absolute risk) is reported in [Appendix Table 3](#s0055){ref-type="sec"} (available online), with the highest values being among cohort members who were separated from both parents at their 15th birthdays. Approximately one in four males and one in 19 females in this group will be convicted for committing a violent crime by age 40 years. Absolute risks were consistently higher for males than for females, although relative risks were greater for females ([Table 1](#t0005){ref-type="table"}).Table 1Incidence Rate Ratios (IRR) for Violent Criminality by Child--Parent Separation Status at Birth and at 15th BirthdayTable 1**Child-parent separation status%Number of cases of violent offendingIncidence rate (per 10,000 person-years)Males and females, IRR (95% CI)**[a](#tbl1fna){ref-type="table-fn"}**Males, IRR (95% CI)**[b](#tbl1fnb){ref-type="table-fn"}**Females, IRR (95% CI)**[b](#tbl1fnb){ref-type="table-fn"}At birth[c](#tbl1fnc){ref-type="table-fn"} Separated from father6.35,33752.01.78 (1.73, 1.83)1.71 (1.65, 1.76)2.46 (2.27, 2.67) Separated from mother0.1710226.11.36 (1.11, 1.64)1.30 (1.05, 1.59)2.07 (1.11, 3.48) Separated from both parents0.21427.170.49 (0.36, 0.66)0.52 (0.30, 0.70)---[e](#tbl1fne){ref-type="table-fn"} Not separated from either parent93.431,93421.11.00 (ref)1.00 (ref)1.00 (ref)At 15th birthday[d](#tbl1fnd){ref-type="table-fn"} Separated from father22.913,36739.52.03 (1.98, 2.08)1.95 (1.90, 2.00)2.97 (2.76, 3.19) Separated from mother4.22,94246.92.16 (2.07, 2.24)2.09 (2.00, 2.17)3.14 (2.74, 3.58) Separated from both parents1.82,84195.03.60 (3.45, 3.75)3.30 (3.15, 3.45)7.47 (6.68, 8.33) Not separated from either parent71.118,26515.31.00 (ref)1.00 (ref)1.00 (ref)[^1][^2][^3][^4][^5]

Between birth and the 15th birthday, child--parent separation status remained unchanged for 67.6% of cohort members. Another 21.1% experienced one separation status change; 6.3% and 3.1% had two and three changes, respectively, whereas 1.8% experienced four or more changes. [Figure 1](#f0005){ref-type="fig"} shows gender-specific IRRs for violent offending by total number of separation status changes. Relative risks were consistently higher for females than for males (chi-square \[5\]=173.19, *p*\<0.001). Compared with those with no changes in child--parent separation status through childhood, violent offending risks for males were elevated almost linearly with increasing number of changes, whereas relative risks rose more sharply for females.Figure 1Gender-specific incidence rate ratios (IRRs) for violent criminality by the total number of child--parent separation status changes from birth through 15th birthday.^a,b,ca^Reference for IRR estimation: Persons with no child-parent separation status changes from birth through 15th birthday.^b^Models adjusted for age, calendar year, their interactions, and parental SES.^c^Test of gender differences in IRRs: χ^2^(5)=173.19, *p*\<0.001.Figure 1

[Figure 2](#f0010){ref-type="fig"} shows the gender-specific IRRs for violent offending by age at first child--parent separation and type of separation. For both genders, being separated from the father for the first time at a younger age was associated with higher risks than if paternal separation first occurred at an older age, but there was little variation in risk associated with age at first maternal separation. On the contrary, increasing risks were found with older age at first separation from both parents. For females, first separation from the father at any age was associated with greater elevation in risks than separation from the mother at the same age. The same was also found for males when separation first occurred before mid-childhood, but thereafter there were no observed differentials in relative risks associated with maternal versus paternal separation.Figure 2Gender-specific incidence rate ratios (IRRs) for violent criminality by age at first child--parent separation and by specific type of separation.^a,b,ca^For each separation type, the reference group for IRR estimation was people who had not experienced that separation type at any time from birth to 15th birthday.^b^For females, IRR of violent offending associated with separation from both parents at birth was not reported as it was based on fewer than 10 cases.^c^Models adjusted for age, calendar year, their interactions, and parental SES.Figure 2

Each specific child--parent separation trajectory from birth to 15th birthday that affected \>0.1% of the study population was investigated ([Table 2](#t0010){ref-type="table"}). Because of the small number of female violence perpetrators in some trajectories, gender-specific analyses were not conducted. All separation trajectories were associated with elevated risks of violent offending versus those who continuously lived with both parents (i.e., N*=*separated from neither parent), except for those who were separated from both parents at birth and remained so through childhood (FM= separated from father and from mother). Elevated risk was observed even when the children ultimately lived with both parents again after a period of separation (trajectories ending with N). For those who lived with both parents at birth, subsequent paternal separation (N→F) was associated with higher violent criminality risk than maternal separation (N→M), and this was also observed for those who ultimately lived with both parents again (N→F→N versus N→M→N). In addition, risk was particularly raised for those who experienced the following separation trajectories:•N→F→FM→F, which signifies the trajectory of living with both parents at birth, followed by separation from the father, then additionally from the mother, and eventually reunited with the mother only, IRR=4.90, 95% CI=4.36, 5.49.•N→F→FM, which signifies the trajectory of living with both parents at birth, followed by separation from the father, then additionally from the mother, IRR=4.74, 95% CI=4.39, 5.10.•F→FM, which signifies the trajectory of being separated from the father at birth, then additionally from the mother, IRR=4.51, 95% CI=4.07, 4.99.Table 2Incidence Rate Ratios (IRRs) for Later Violent Criminality in Relation to Specific Child--Parent Separation Trajectories From Birth to Age 15 Years[a](#tbl2fna){ref-type="table-fn"}Table 2**Separation trajectories**[a](#tbl2fna){ref-type="table-fn"}**Exposure prevalence (%)Number of cases of violent offendingIncidence rate (per 10,000 person-years)IRR (95% CI)**[b](#tbl2fnb){ref-type="table-fn"}N65.415,11913.81.00 (ref)N→F16.37,70232.11.99 (1.94, 2.05)N→F→N2.461,20432.02.03 (1.91, 2.15)N→M2.161,09431.51.79 (1.68, 1.90)F2.011,64353.32.69 (2.55, 2.83)F→N1.9290124.81.79 (1.67, 1.91)N→F→N→F1.651,16147.22.56 (2.41, 2.72)N→F→M1.1280656.12.80 (2.60, 3.00)F→N→F0.9174052.02.77 (2.57, 2.98)N→M→F0.5527736.42.18 (1.93, 2.45)N→F→FM0.417701304.74 (4.39, 5.10)N→FM0.4043260.93.15 (2.86, 3.47)N→M→N0.3312423.01.53 (1.28, 1.82)N→F→M→F0.2923365.73.44 (3.01, 3.91)N→F→N→F→N0.2823355.32.92 (2.55, 3.31)F→FM0.213941344.51 (4.07, 4.99)FM0.21427.170.68 (0.49, 0.91)F→N→F→N0.2117550.52.94 (2.53, 3.41)N→F→N→F→N→F0.1716563.43.03 (2.59, 3.52)N→F→FM→F0.163021134.90 (4.36, 5.49)N→FM→N0.1514046.82.93 (2.47, 3.45)F→N→F→N→F0.1415971.03.45 (2.94, 4.02)N→F→N→M0.1413664.73.17 (2.67, 3.74)N→F→N→F→M0.1213886.33.64 (3.06, 4.29)Other2.333,32592.34.22 (4.06, 4.40)[^6][^7]

Children grouped under one of these three trajectories all had one experience in common: They were all separated from their father initially and then subsequently from their mother at some time during their childhood.

Discussion {#s0035}
==========

In this study of more than 1.3 million people, family structure instability was found to be associated with elevated risk for subsequent violent criminal offending versus those who lived continuously with both parents throughout their upbringing. These links were attenuated but persisted after adjustment for parental SES. Although absolute risks were higher for males than for females, relative risks were greater for females. Relative risks were also greater for paternal versus maternal separation at least up until mid-childhood and rose with the number of separation status changes. Elevated risks were found for all separation scenarios investigated, except for when the child was separated from both parents at birth and remained separated through childhood. Separation from a father for the first time at a younger age was associated with higher risks than if paternal separation first occurred at an older age, but there was little variation in risk associated with age at first maternal separation. On the contrary, increasing risks were linked with older age at first separation from both parents.

Although associations between child--parent separation and interpersonal violence risk have previously been reported,[@bib10], [@bib11], [@bib13], [@bib14], [@bib31], [@bib32] the dynamic nature of separation status has largely been neglected. Complete and accurate national registration of residential information in Denmark provided a unique opportunity to investigate a wide array of child--parent separation trajectories. Examination of a national cohort also provided abundant statistical power to investigate associations by gender of both cohort members and their parents, and prospective collection of the registry data ensured that exposure and outcome were assessed independently and were therefore free from recall bias. Males are much more likely than females to perpetrate violent crimes,[@bib33] and studies on child--parent separation and violent criminality risk have therefore commonly examined males alone.[@bib11], [@bib14], [@bib31], [@bib32] The small number of studies that have investigated gender-specific associations have reported contrasting evidence. For example, Fergusson et al.[@bib9], [@bib10] found no significant gender interactions between exposure to single parenthood or parental separation during childhood and subsequent risk for delinquency or criminality. On the contrary, Fomby and Sennott[@bib34] and Ilomaki and colleagues[@bib18] reported that links between family structure instability and adolescent delinquency were stronger for females than for males. There have also been conflicting reports regarding strengths of association according to maternal versus paternal separation[@bib8], [@bib15], [@bib16] and by timing of separation.[@bib9], [@bib15], [@bib19] Utilizing national registry data in the absence of attrition and exposure and outcome ascertainment bias has produced robust evidence for the risk patterns examined. In addition, the particularly large risk elevations observed among individuals who were separated initially from their father only and subsequently from both parents concur with previously reported findings on self-harm risk,[@bib6] suggesting that those who experience these specific child--parent separation trajectories are particularly vulnerable to these two correlated adverse outcomes.[@bib35]

Children who have experienced separation from a parent are likely to have been exposed to parental conflict---a reported risk factor for adolescent offending even in the absence of family change.[@bib36] Child--parent separation increases the likelihood of disrupted family routines, reduced parental monitoring, negative parenting behaviors, insecure child--parent attachment, and reduced economic resources, all of which have been linked with heightened risk for developing psychopathology and problematic or maladaptive behaviors during childhood.[@bib8], [@bib37], [@bib38], [@bib39], [@bib40] Those who have experienced multiple familial transitions are particularly disadvantaged,[@bib4], [@bib17], [@bib41] as each separation could involve stressful adjustment periods, having a cumulative impact on a child's well-being.[@bib17] Cumulative family instability in early childhood has been linked with poorer subsequent social development and increased risk of externalizing behaviors.[@bib41] Changes in living arrangements, particularly for children separated from both parents, may also entail residential and school changes, leading to disrupted social and support networks.[@bib34] Frequent residential change, especially during adolescence, has been associated with elevated risk of violent offending subsequently, with these links also being stronger for females than for males.[@bib42]

Causality cannot be assumed or inferred from any observational study including this one, however. Familial adversities are often interrelated, and multiple family transitions may not only represent broken parental relationships, but also a myriad of other household dysfunctionalities.[@bib43] For example, children from fragmented families are at increased risk of witnessing abuse or being abused,[@bib43] which strongly predicts later violence perpetration by these individuals themselves.[@bib18], [@bib44], [@bib45], [@bib46] In addition, aggression and violence are known to run in families via putative genetic and environmental pathways.[@bib47] Parental antisocial traits could influence not only the quality of child--parental relationships but also the environment children are brought up in, and therefore their likelihood of subsequent delinquency.[@bib48], [@bib49] Although increasing violent offending risk was observed with rising number of separation status changes, those who continued to live with their mother only (trajectory F) also showed elevated risk, which was higher than some trajectories linked with at least one status change. Therefore, familial difficulties associated with single parenthood, instability, and other household adversities correlated with child--parent separation, and selection mechanisms, are all likely to contribute to the findings reported here.

The only scenario where no elevated risk was observed was amongst those who never lived with a parent from birth through to their 15th birthday. In a previous registry study, this group also showed no increased risk for self-harm.[@bib6] It could be that children placed in the care of the Danish social services from birth have been particularly well looked after and are thereby shielded from familial discord and other familial environmental adversities through their childhood.

Limitations {#s0040}
-----------

This study's most significant limitation was that parental violent offending could not be adjusted for.[@bib47] Criminal offending data were only available from 1981 onwards, so histories of parental offending are incomplete for many cohort members. Adjustment for childhood experiences of abuse was also not possible as these data are not routinely registered in Denmark. Because parental links are based on legal relationships, a distinction could not be made between single-parent households and cohabitating or step families where only one residing parent was the child's legal parent. Information on reasons for child--parent separation was lacking. Antisocial behaviors in children might also have been a major reason for parental separation. Additionally, the study findings may not be generalizable to other countries, although it is likely that similar patterns of elevated risk would be observed in other Western cultures.

Conclusions {#s0045}
===========

This national cohort study augments existing published evidence that separation from a parent during childhood is strongly associated with elevated risk for later violent criminality. Child--parent separation may be a marker for a range of adversities and dysfunctionalities in the household, especially in families experiencing multiple transitions. Violence prevention should therefore include strategies to tackle related household adversities, for which promoting a stable home environment is one salient aspect. Professional counseling and mediation services, as well as intervention programs to promote positive parenting behavior and to tackle any adverse impact of separation, can be beneficial for those facing relationship and family difficulties. For example, the New Beginnings Program in the U.S. was established to promote positive adaptation and children's resilience following parental divorce or separation ([https://reachinstitute.asu.edu/programs/new-beginnings](https://www.reachinstitute.asu.edu/programs/new-beginnings){#ir0005}), and has been reported to have a positive impact on parenting skills and youth outcomes, including improved mental health and reduced criminal justice system costs.[@bib50], [@bib51], [@bib52] Similarly, the online coping skills program Children of Divorce--Coping with Divorce ([http://familytransitions-ptw.com/CoDCoD/parents/](http://www.familytransitions-ptw.com/CoDCoD/parents/){#ir0010}) has been shown to be effective in reducing youth mental health problems.[@bib53] Children who are separated from both parents during adolescence are especially vulnerable. Future research examining between-sibling differential exposure to child--parent separation would control for some of the unobserved familial risk factors, and thereby help to elucidate the links between child--parent separation and later violent criminality risk. Factors such as residential mobility and child--parent attachment could also be examined as possible mediators of the link between child--parent separation and subsequent violent offending risk.
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[^1]: Models adjusted for age, gender, calendar year, interactions between these variables, and parental SES.

[^2]: Models adjusted for age, calendar year, their interactions, and parental SES.

[^3]: For child--parent separation status at birth, test of gender differences in IRRs, χ^2^(3) = 68.43, *p*\<0.001.

[^4]: For child--parent separation status at 15th birthday, test of gender differences in IRRs, χ^2^(3) = 229.6, *p*\<0.001.

[^5]: IRR associated with paternal and maternal separation at birth not reported as it was based on fewer than 10 cases.

[^6]: N=Not separated from either parent (i.e., living with both parents); F=separated from father; M=separated from mother; FM=separated from both parents.

[^7]: Models adjusted for age, gender, calendar year, interactions between these variables, and parental SES.
